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(57) ABSTRACT 

The use of multiple states of mobile communication device 
operation to alloW a single base station to support a rela 
tively large number of mobile nodes is described. The 
various states require different amounts of communications 
resources, e.g., bandwidth. Four supported states of opera 
tion are an on-state, a hold-state, a sleep-state, and an 
access-state. Each mobile node in the on-state is allocated 
communication resources to perform transmission poWer 
control signaling, transmission timing control signaling and 
to transmit data as part of a data uplink communications 
operation. Each mobile node in the hold-state is allocated 
communication resources to perform transmission timing 
control signaling and is provided a dedicated uplink for 
requesting a state transition and a shared resource for 
transmitting acknowledgements. In the sleep state a mobile 
node is allocated minimal resources and does not conduct 
poWer control signaling or timing control signaling. Data 
may be received in the on and hold states. 
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WIRELESS TIMING AND POWER CONTROL 

RELATED APPLICATION 

[0001] This application is a continuation-in-part of US. 
patent application Ser. No. 10/324,194 ?led Dec. 20, 2002 
titled “Methods and Apparatus for Operating Mobile Nodes 
in Multiple States” and a continuation-in-part of US. patent 
application Ser. No. 10/378,563 ?led Mar. 3, 2003 titled 
“Methods and Apparatus for Operating Mobile Nodes in 
Multiple States” and claims the bene?t of US. Provisional 
Patent Application S.N. 60/401,920 ?led on Aug. 8, 2002, 
titled “Methods and Apparatus for Implementing Mobile 
Communications System” each of Which is hereby expressly 
incorporated by reference. 

FIELD OF THE INVENTION 

[0002] The present invention is directed to Wireless com 
munications systems and, more particularly, to methods and 
apparatus for supporting a plurality of mobile nodes in a 
communications cell With limited resources. 

BACKGROUND OF THE INVENTION 

[0003] Wireless communications systems are frequently 
implemented as one or more communications cells. Each 
cell normally includes a base station Which supports com 
munications With mobile nodes that are located in, or enter, 
the communications range of the cell’s base station. Within 
a cell or a sector of a cell, the unit of communications 

resource is a symbol, e.g., QPSK or QAM transmitted on 
one frequency tone for one time slot in an orthogonal 
frequency division multiplexed (OFDM) system. The total 
available communication resource is divided into a number 
of such symbols (units) Which can be used for communi 
cating control and data information betWeen a base station 
and one or more mobile nodes in the cell and tends to be 
limited. Control signals transmitted betWeen a basestation 
and a mobile node may be transmitted in tWo possible 
directions, i.e., from the basestation to the mobile node or 
from the mobile node to the base station. Transmission of 
signals from the base station to the mobile is often called a 
doWnlink. In contrast, transmission from the mobile to the 
base station is commonly referred to as an uplink. 

[0004] In order to provide ef?cient use of limited com 
munications resources, base stations may allocate different 
numbers of tones to different mobile nodes depending on the 
devices’ bandWidth needs. In a multiple access system, 
several nodes may be transmitting data, e.g., in the form of 
symbols, to a base station at the same time using different 
tones. This is common in OFDM systems. In such systems, 
it is important that symbols from different mobile nodes 
arrive at the base station in a synchroniZed manner, e.g., so 
the base station can properly determine the symbol period to 
Which a received symbol belongs and signals from different 
mobile nodes do not interfere With each other. As mobile 
nodes move in a cell, transmission delay Will vary as a 
function of the distance betWeen a mobile node and a base 
station. In order to make sure that transmitted symbols Will 
arrive at a base station from different mobile nodes in 
synchroniZed manner, timing control signals, e.g., feedback 
signals, may be and in many cases are, transmitted to each 
active mobile node of a cellular system. The timing control 
signals are often speci?c to each device and represent, e.g., 
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timing corrections of offsets to be used by the device to 
determine symbol transmission timing. Timing control sig 
naling operations include, e.g., monitoring for timing control 
signals, decoding received timing control signals, and per 
forming timing control update operations in response to the 
decoded received timing control signals. 

[0005] Timing control signals can be particularly impor 
tant in systems Where there are a large number of mobile 
nodes. In order to avoid interference from a mobile node due 
to timing miss synchroniZation, it may be necessary to 
establish timing synchroniZation and control before alloW 
ing a mobile node to transmit data, e.g., voice data, IP 
packets including data, etc. to a base station. 

[0006] In addition to managing limited resources such as 
bandWidth, poWer management is often a concern in Wire 
less communications systems. Mobile nodes, e.g., Wireless 
terminals, are often poWered by batteries. Since battery 
poWer is limited, it is desirable to reduce poWer require 
ments and thereby increase the amount of time a mobile 
node can operate Without a battery recharge or battery 
replacement. In order to minimiZe poWer consumption, it is 
desirable to limit the amount of poWer used to transmit 
signals to a base station to the minimal amount of poWer 
required. Another advantage of minimiZing mobile node 
transmission poWer is that it has the additional bene?t of 
limiting the amount of interference that the transmissions 
Will cause in neighboring cells Which Will often use the same 
frequencies as an adjoining cell. 

[0007] In order to facilitate transmission poWer control, 
poWer control signaling, e.g., a feedback loop, may be 
established betWeen a base station and a mobile node. PoWer 
control signaling often takes place at a much faster rate than 
the timing control signaling. This is because poWer control 
signaling attempts to track variations in the signal strength 
betWeen the base station and the mobile nodes and this can 
typically vary on the scale of milliseconds. The timing 
control needs to take into consideration changes in the 
distance betWeen base station and the mobile nodes and this 
tends to vary on a much sloWer scale, typically hundreds of 
milliseconds to seconds. Thus the amount of control signal 
ing overhead for poWer control tends to be much more than 
that for timing control. 

[0008] In addition to timing and poWer control signaling, 
other types of signaling may be employed. For eXample 
mobile nodes in addition may also signal on an uplink the 
quality of the doWnlink channel. This may be used by the 
base station to determine the communication resource allo 
cation to alloW for the transfer of data packets from the base 
station to the mobile. Such doWnlink channel quality reports 
alloWs a base station to determine Which mobile node to 
transmit to and if a mobile node is chosen then the amount 
of forWard error correction protection to apply to the data. 
These doWnlink channel quality reports generally are sig 
naled on a similar time scale as the poWer control signaling. 
As another eXample, signaling may be used to periodically 
announce a mobile node’s presence in a cell to a base station. 

It can also be used to request allocation of uplink resources, 
e.g., to transmit user data in a communications session. 
Shared as opposed to dedicated resources may be used for 
such announcements and/or resource requests. 

[0009] Signaling resources, e.g., time slots or tones, may 
be shared or dedicated. In the case of shared time slots or 
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tones, multiple devices may attempt to use the resource, e.g., 
segment or time slot, to communicate information at the 
same time. In the case of a shared resource, each ode in the 
system normally tries to use the resource on an as needed 
basis. This sometimes results in collisions. In the case of 
dedicated resources, e.g., With time slots and/or tones being 
allocated to particular communications device or group of 
devices to the exclusion of other devices for a certain period 
of time, the problem of possible collisions is avoided or 
reduced. The dedicated resources may be part of a common 
resource, e.g., a common channel, Where segments of the 
channel are dedicated, e.g., allocated, to individual devices 
or groups of devices Where the groups include feWer than the 
total number of mobile nodes in a cell. For eXample, in the 
case of an uplink time segments may be dedicated to 
individual mobile nodes to prevent the possibility of colli 
sions. In the case of a doWnlink, time slots may be dedicated 
to individual devices or, in the case of multicast messages or 
control signals, to a group of devices Which are to receive the 
same messages and/or control signals. While segments of a 
common channel may be dedicated to individual nodes at 
different times, over time multiple nodes Will use different 
segments of the channel thereby making the overall channel 
common to multiple nodes. 

[0010] Alogical control channel dedicated to an individual 
mobile node may be comprised of segments of a common 
channel dedicated for use by the individual mobile node. 

[0011] Dedicated resources that go unused may be Waste 
ful. HoWever, shared uplink resources Which may be 
accessed by multiple users simultaneously may suffer from 
a large number of collisions leading to Wasted bandWidth 
and resulting in an unpredictable amount of time required to 
communicate. 

[0012] While timing and poWer control signals and doWn 
link channel quality reports are useful in managing commu 
nications in a Wireless communications system, due to 
limited resources it may not be possible for a base station to 
support a large number of nodes When poWer control, and 
other types of signaling need to be supported on a continu 
ous basis for each node in the system. 

[0013] In vieW of the above discussion, it is apparent that 
there is a need for improved methods of allocating limited 
resources to mobile nodes to permit a relatively large 
number of nodes to be supported by a single base station 
With limited communications resources. It is desirable that at 
least some methods of communications resource allocation 
and mobile node management take into consideration the 
need for timing control signaling and the desirability of 
poWer control signaling in mobile communications systems. 

SUMMARY OF THE INVENTION 

[0014] The present invention is directed to methods and 
apparatus for supporting multiple Wireless terminals, e.g., 
mobile nodes, using a single base station and limited 
resources such as bandWidth for the transmission of signals 
betWeen the base station and mobile nodes, e.g., in a 
communications cell. A system may be implemented in 
accordance With the invention as a plurality of cells, each 
cell including at least one base station Which serves multiple 
mobile nodes. Amobile node can, but need not, move Within 
a cell or betWeen cells. 
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[0015] In accordance With the present invention, mobile 
nodes support multiple states of operation. The control 
signaling resources used by a mobile node vary depending 
on the state of operation. Thus, depending on the state of the 
mobile node, a large amount of signaling resources may be 
required While in other states a minimum amount of 
resources may be required. Control signaling resources are 
in addition to data transmission resources, e.g., bandWidth 
used to communicate payload data such as voice, data ?les, 
etc. By supporting different mobile node states of operation, 
requiring differing amounts of base station/mobile node 
control communications resources, e.g., signal bandWidth, 
used for control purposes, more mobile nodes can be sup 
ported by a base station than could be supported if all mobile 
nodes Were allocated the same amount of communications 
resources for control signaling purposes. 

[0016] BandWidth allocated to a particular mobile device 
for communicating control signals betWeen the mobile 
device and a base station is knoWn as dedicated control 
bandWidth. Dedicated control bandWidth may comprise 
multiple dedicated logical or physical control channels. In 
some embodiments, each dedicated control channel corre 
sponds to one or more dedicated segments of a common 

control channel. Control channel segments may be, e.g., 
channel time slots used for transmitting and/or receiving 
control signals. Dedicated uplink control channel segments 
differ from shared uplink control channel segments Where 
multiple devices share the same bandWidth for uplink sig 
naling. 

[0017] In the case of a shared communications channel 
con?icts may result When multiple nodes, at the same time 
attempt to transmit a control signal using the shared com 
munications channel. 

[0018] Mobile nodes implemented in accordance With one 
exemplary embodiment support four states, e.g. modes of 
operation. The four states are a sleep state, a hold state, an 
access state, and an on state. Of these the access state is a 

transitory stage and the other states are steady states and the 
mobile nodes can be in these states for an eXtended period 
of time. 

[0019] Of the four states, the on state requires the highest 
amount of control signaling resources, e.g., bandWidth used 
for control signaling purposes. In this state, the mobile node 
is allocated bandWidth on as needed basis for transmitting 
and receiving traffic data, e.g., payload information such as 
teXt or video. Thus, at any given time in the on state a mobile 
node may be allocated a dedicated data channel for trans 
mitting payload information. In the on state the mobile node 
is also allocated a dedicated uplink control signaling chan 
nel. 

[0020] In various embodiments, a dedicated uplink control 
channel is used during the on state by the MN to make 
doWnlink channel quality reports, communicate resource 
requests, implement session signaling, etc. DoWnlink chan 
nel quality reports are normally signaled frequently enough 
to track variations in the signal strength betWeen the base 
station and the mobile node. 

[0021] During the on state, the base station and mobile 
node eXchange timing control signals using one or more 
dedicated control channels alloWing the mobile node to 
periodically adjust its transmission timing, e.g., symbol 
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timing, to take into consideration changes in distance and 
other factors Which might cause the transmitted signals to 
drift timing from the base station’s perspective, With the 
signals transmitted by other mobile nodes. As discussed 
above, the use of timing control signaling and performing 
timing control signaling operations, such as updating trans 
mission timing, is important in many systems Which use 
orthogonal frequency division multiple access in the uplink 
to avoid interference from transmission signals generated by 
multiple nodes in the same cell. 

[0022] To provide transmission poWer control, during the 
on state, transmission poWer control signaling is employed 
to provide a feedback mechanism Whereby a mobile node is 
able to efficiently control its transmission poWer levels based 
on signals periodically received from the base station With 
Which it is communicating. In various embodiments the base 
station periodically transmits poWer control signals over a 
dedicated control doWnlink. As part of the transmission 
poWer control signaling process, the mobile node, performs 
various transmission poWer control signaling operations 
including, for example, monitoring for transmission poWer 
control signals directed to the particular mobile node, decod 
ing received transmission poWer control signals, and updat 
ing its transmission poWer levels based on the received and 
decoded transmission poWer control signals. Thus, in 
response to receiving poWer control signals in a dedicated 
doWnlink segment corresponding to the particular mobile 
node, the mobile node adjusts its transmission poWer level 
in response to the received signal. In this manner, a mobile 
node can increase or decease its transmission poWer to 
provide for successful receipt of signals by the base station 
Without excessive Wastage of poWer and therefore reducing 
interference and improving battery life. The poWer control 
signaling is typically carried out suf?ciently frequently to 
track fast variations in the signal strength betWeen the base 
station and the mobile nodes. The poWer control interval is 
a function of smallest channel coherence time that the 
system is designed for. The poWer control signaling and the 
doWnlink channel quality reports are normally of similar 
time scale, and in general, occur at a much higher frequency 
than the timing control signaling. HoWever, in accordance 
With one feature of the present invention the base station 
varies the rate at Which it transmits poWer control signals to 
a mobile node as a function of the mobile node’s state of 
operation. As a result, in such an embodiment, the rate at 
Which the mobile node performs transmission poWer control 
adjustments Will vary as a function of the state in Which the 
mobile node operates. In one exemplary embodiment, poWer 
control updates are not performed in the sleep state and, 
When performed in the hold state, are normally performed at 
a loWer rate than during the on state. 

[0023] Operation of a mobile node in the hold state 
requires feWer control communications resources, e.g., 
bandWidth, than are required to support operation of a 
mobile node in the on state. In addition, in various embodi 
ments While in the hold state a mobile node is denied 
bandWidth for transmitting payload data, but the mobile can 
be allocated bandWidth for receiving payload data. In such 
embodiments the mobile node is denied a dedicated data 
uplink communications channel during the hold state. The 
bandWidth allocated for receiving data may be, e.g., a data 
doWnlink channel shared With other mobile nodes. During 
the hold state timing control signaling is maintained and the 
mobile node is also allocated a dedicated control uplink 
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communication resource, e.g., dedicated uplink control 
communications channel, Which it can use to request 
changes to other states. This alloWs, for example, a mobile 
node to obtain additional communications resources by 
requesting a transition to the on state Where it could transmit 
payload data. In some but not all embodiments, in the hold 
state, the dedicated uplink control channel is limited to the 
communication of signals requesting permission to change 
the state of mobile node operation, e.g., from the hold state 
to the on state. During the hold state the bandWidth allo 
cated, e.g., dedicated, to a mobile node for control signaling 
purposes is less than in the on-state. 

[0024] Maintaining timing control While in the hold-state 
alloWs the mobile nodes to transmit their uplink requests 
Without generating interference to other mobiles Within the 
same cell and having a dedicated uplink control resource 
ensures that the delays for state transition are minimal as the 
requests for state transitions do not collide With similar 
requests from other mobile nodes as may occur in the case 
of shared uplink resources. Since timing control signaling is 
maintained, When the mobile node transitions from the hold 
state to the on state it can transmit data Without much delay, 
e.g., as soon as the requested uplink resource is granted, 
Without concerns about creating interference for other 
mobile nodes in the cell due to drift of uplink symbol timing. 
During the hold state, transmission poWer control signaling 
may be discontinued or performed less frequently, e.g., at 
greater intervals than performed during on state operation. In 
this manner, the dedicated control resources used for poWer 
control signaling can be eliminated or reduced alloWing 
feWer resources to be dedicated to this purpose than Would 
be possible if poWer control signaling for all nodes in the 
hold state Was performed at the same rate as in the on state. 

[0025] When transitioning from the hold state to the on 
state, the mobile node may start off With an initial high 
poWer level to insure that its signals are received by the base 
station With the poWer level being reduced once transmis 
sion poWer control signaling resumes at a normal rate as part 
of on state operation. In one exemplary embodiment, When 
the mobile node in the hold state intends to migrate to the on 
state, it transmits a state transition request using a dedicated 
uplink communication resource, Which is not shared With 
any other mobile nodes. The base station then responds With 
a broadcast message indicating its response to the mobile’s 
state transition request. The mobile on receiving the base 
station message meant for it responds With an acknowledge 
ment. The acknowledgment is transmitted over a shared 
resource on the uplink and is slaved to the broadcast 
message on the doWnlink. 

[0026] By transmitting an appropriate state transition 
request the mobile may also transition to the sleep state. In 
one exemplary embodiment, When the mobile node does not 
intend to migrate to another state, the mobile node may not 
transmit any signal in its dedicated uplink communication 
channel, though the dedicated channel has been assigned to 
the mobile node and is therefore not used by any other 
mobile nodes. In another embodiment, the mobile node uses 
an on/off signaling in its dedicated uplink communication 
channel, Where the mobile node sends a ?xed signal (on) 
When it intends to migrate to another state and does not send 
any signal (off) When it does not intend to migrate to any 
other state. In this case, the transmission of the ?xed signal 
can be interpreted as a migration request to the on state if the 
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transmission occurs at certain time instances, and as a 
migration request to the sleep state if the transmission occurs 
at some other time instances. 

[0027] In order to support a large number of mobile nodes, 
a sleep state requiring relatively feW communications 
resources is also supported. In an exemplary embodiment, 
during the sleep state, timing control signal and poWer 
control signaling are not supported. Thus, in the sleep state, 
the mobile nodes normally do not performing transmission 
timing control or transmission poWer control signaling 
operations such as receiving, decoding and using timing and 
transmission poWer control signals. In addition, the mobile 
node is not allocated a dedicated uplink control resource, 
e.g., uplink control communications channel, for making 
state transition requests or payload transmission requests. In 
addition, during the sleep state the mobile node is not 
allocated data transmission resources, e.g., dedicated band 
Width, for use in transmitting payload data, e.g., as part of a 
communications session With another node conducted 
through the base station. 

[0028] Given the absence of a dedicated uplink control 
channel during the sleep state, a shared communications 
channel is used to contact the base station to request 
resources necessary for a mobile node to initiate transition 
from the sleep state to another state. 

[0029] In some embodiments, in the sleep state the mobile 
node may, at the behest of the base station serving the cell, 
signal its presence in the cell, e.g., using a shared commu 
nications resource. However, as discussed above, little other 
signaling is supported during this state of operation. Thus, 
very little control signaling bandWidth is used to commu 
nicate control information betWeen mobile nodes in the 
sleep state and a base station serving the nodes. 

[0030] The access state is a state through Which a node in 
the sleep state can transition into one of the other supported 
states. The transition betWeen states may be triggered by an 
action by a user of the mobile node, e.g., an attempt to 
transmit data to another mobile node. Upon entering the 
access state, transmission poWer control and timing control 
signaling has not yet been established. During access state 
operation, timing control signaling is established and, in 
various embodiments, full or partial transmission poWer 
control signaling is established. Amobile node can transition 
from the access state to either the on state or the hold state. 

[0031] The establishment of the timing synchronization 
and transmission poWer control can take some amount of 
time during Which data transition is delayed. Also the access 
process happens through a shared media and contentions 
betWeen mobile nodes need to be resolved. By supporting a 
hold state in accordance With the present invention, in 
addition to a sleep state, such delays can be avoided for a 
number of mobile nodes, as transition from the hold state to 
the on state does not go through the access state, While the 
number of nodes Which can be supported by a single base 
station is larger than Would be possible Without the use of 
reduced signaling states of mobile node operation. 

[0032] In some embodiments, for an individual cell, the 
maXimum number of mobile nodes that can be in the sleep 
state at any given time is set to be greater than the maXimum 
number of mobile nodes that can be in the hold state at given 
time. In addition, the maXimum number of mobile nodes 
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Which can be in the hold at any given time is set to be greater 
than the maXimum number of nodes that can be in the on 
state at any given time. 

[0033] In accordance With a poWer conservation feature of 
the present invention, doWnlink control signaling from the 
base station to the mobile nodes is divided into a plurality of 
control channels. A different number of doWnlink control 
channels are monitored by a mobile node depending on the 
node’s state of operation. During the on state the greatest 
number of doWnlink control channels are monitored. During 
the hold state a smaller number of doWnlink control chan 
nels are monitored than during the on state. In the sleep state 
the smallest number of doWnlink control channels are moni 
tored. 

[0034] To further reduce poWer consumption in the mobile 
node associated With monitoring for control signals, in 
accordance With one feature of the invention control chan 
nels monitored during the hold and sleep states are imple 
mented as periodic control channels. That is, signals are not 
broadcast on a continuous basis on the control channels 
monitored in the hold and sleep states. Thus, during the hold 
and sleep states the mobiles monitor for control signals at 
periodic intervals and save poWer by not monitoring for 
control signals at those times When control signals are not 
transmitted on the monitored channels. To further decrease 
the time a particular mobile needs to monitor for control 
signals during the hold and sleep states, portions, e.g., 
segments, of the periodic control channels may be dedicated 
to one or a group of mobile nodes. The mobile nodes are 
made aWare of Which control channel segments are dedi 
cated to them and then monitor the dedicated segments as 
opposed to all the segments in the control channels. This 
alloWs monitoring for control signals to be performed in the 
hold and sleep states by individual mobile nodes at greater 
periodic intervals than Would be possible if the mobile Were 
required to monitor all segments of the periodic control 
channels. 

[0035] In one particular embodiment, during the on state, 
mobile nodes monitor segments of an assignment channel on 
a continuous basis and also monitor segments of periodic 
fast paging and sloW paging control channels. When in the 
hold state the mobiles monitor the fast paging and sloW 
paging control channels. Such monitoring may involve 
monitoring a subset of the segments of the periodic fast and 
sloW paging channels, e.g., segments dedicated to the par 
ticular mobile node. During the hold state in the particular 
exemplary embodiment the sloW paging channel is moni 
tored but not the fast paging channel or the assignment 
channel. The paging control channels may be used to 
instruct the mobile node to change states. 

[0036] By limiting the number of control channels and the 
rate of control channel monitoring as a function of the state 
of operation, poWer resources can be conserved in accor 
dance With the invention While operating in the hold and 
sleep states. 

[0037] The performing of both timing and poWer control 
is not required and, depending on the communications 
techniques used, both timing and poWer control may not be 
implemented. In such a case, multiple states may be imple 
mented in accordance With the invention, With the unused 
type control, e.g., poWer or timing, and the associated 
signaling, being omitted from the implementation of the 
various states of operation. 
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[0038] In various embodiments of the present invention 
different levels of power and/or timing control signaling are 
supported in each of at least three different states. In one 
case, poWer and timing control are performed in a ?rst state, 
e.g., an on-state. PoWer control signaling is performed at a 
?rst poWer control rate in said on state using a ?rst set of 
poWer control signaling resources. Timing control is also 
performed in said on-state at a ?rst timing control rate using 
a ?rst set of timing control resources. In a second state, e.g., 
a hold state, timing and/or poWer control signaling is per 
formed. These operations are performed at a rate loWer than 
the rate at Which they are performed in the on-state or not at 
all. The control signaling resources, e.g., poWer control and 
timing control signaling resources, if any, used in the hold 
state may and sometimes are a subset of the resources used 

for the same type of signaling in the on state. In a third state, 
e.g., a sleep state, timing and/or poWer control signaling is 
not performed or, if performed, is performed at a loWer rate 
than in the hold state. These operations, if performed, are at 
a rate loWer than the rate at Which they are performed in the 
on-state or not at all. The control signaling resources, e.g., 
poWer control and timing control signaling resources, if any, 
used in the sleep state may, and sometimes are, a subset of 
the resources used for the same type of signaling in the sleep 
state. PoWer control and/or timing control may be performed 
in some states at the same rate as in the more active state as 

long as at least one of poWer control and timing control is 
performed at a loWer rate than in the more active state. In 

some embodiments, the set of control signaling resources 
used in each of the states for poWer control signaling is a 
subset of the resources used in the on-state. The sleep state 
may use a subset of the poWer control signaling resources 
used in the hold state or none at all. In some embodiments, 
the set of control signaling resources used in each of the 
states for timing control signaling is a subset of the timing 
control signaling resources used in the on-state. The sleep 
state may use a subset of the timing control signaling 
resources used in the hold state or none at all. 

[0039] Unlike some other knoWn systems, a Wireless 
terminal implemented in accordance With the invention may 
remain in a hold or sleep state for eXtended periods of time, 
e.g., many milliseconds, e.g., 10 or more milliseconds, 
Without transmitting any signals. This offers signi?cant 
poWer advantages over other systems Where timing and/or 
poWer control signaling rates must be maintained at far more 
frequent intervals. 

[0040] Wireless terminal transitions betWeen states may 
be controlled as a function of Quality of service information 
associated With one or more Wireless terminals and/or qual 
ity of service information of the traf?c associated With one 
or more Wireless terminals. In this manner, different levels of 
quality of service may be provided to different devices or 
different traf?c, in part, by controlling the transition of 
devices betWeen states, e.g., to manage allocation of avail 
able resources in a cell to provide different devices or traf?c 
With different quality of service levels. The Wireless termi 
nals and/or base stations in a cell may store quality of service 
pro?le information for purposes of the information being 
used as in input to a routine Which controls state transitions. 

[0041] Transitions betWeen states, or requests to transition 
betWeen states, may be triggered by input from a Wireless 
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terminal user, e.g., an attempt by a user to send or receive 
data by pressing a button or other input device on the 
Wireless terminal. 

[0042] In one particular exemplary implementation of a 
communications method implemented in accordance With 
the invention, a Wireless terminal is operated at different 
times, in each one of at least three different operational 
states, the three different operational states including a ?rst 
state, a second state and a third state. While operating in the 
?rst state the Wireless terminal uses a ?rst amount of a 

control communications resource used to send control sig 
nals betWeen a base station and the Wireless terminal. While 
operating in the second state the Wireless terminal uses a 
second amount of the control communications resource, the 
second amount of the control communications resource 
being less than the ?rst amount. The second amount of the 
control communications resource includes, in various 
embodiments, a dedicated uplink signaling channel and a 
shared doWnlink signaling channel used to communicate 
information relating to the allocation of uplink and doWnlink 
resources for the communication of data, respectively. The 
dedicated uplink channel may be formed from segments of 
a corresponding uplink control signaling channel Which are 
dedicated to the Wireless terminal so that other terminals do 
not use the dedicated channel segments. The shared doWn 
link channel may be comprised of a set of doWnlink control 
channel segments Which may be part of a doWnlink control 
channel Which may include additional segments Which are 
not used by the particular Wireless terminal. The shared 
doWnlink channel, e.g., the segments of the doWnlink chan 
nel Which may be used to communicate information may be 
monitored by multiple devices for information. Thus, in 
some embodiments, the dedicated uplink control signaling 
channel and shared doWnlink control signaling channel may 
be logical channels created from segments of larger uplink 
and doWnlink channels. In the particular embodiment, oper 
ating the Wireless terminal in the third state includes using 
a third amount of the control communications resource 
Which is less than said ?rst and second amounts. The 
transitioning from one of said three states to another one of 
said three states maybe in response to a change in user 
activity, e.g., entry of information from a user indicating an 
attempt to send or receive data. In the particular eXemplary 
embodiment said ?rst state may be an on state, said second 
state may be a hold state, and said third state may be a sleep 
state. In various implementations of the particular embodi 
ment, the third amount of control communications resources 
includes a third set of communications elements, the second 
amount of control communications resource includes a 
second set of communications elements Which includes 
additional communications elements in addition to said third 
set of communications elements, and Where the ?rst amount 
of control communications resource includes a ?rst set of 
communications elements Which includes said second set of 
communications elements in addition to other communica 
tions elements. The communications elements may, e.g., 
correspond to segments of control signaling communica 
tions channels used by said Wireless terminal. In some but 
not all implementations While operating in the second state 
the Wireless terminal transmits at most, a small number of 
bits over said uplink signaling channel during any one 
uplink signaling transmission period. The small number of 
bits is, in some embodiments, at most 8 bits. 
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[0043] Wireless terminals may be implemented as mobile 
nodes such as notebook computers, personal data assistants, 
etc. 

[0044] Numerous additional features, bene?ts and details 
of the methods and apparatus of the present invention are 
described in the detailed description Which folloWs. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0045] FIG. 1 illustrates an exemplary communication 
cell, Which may be part of a communications system, 
implemented in accordance With the present invention. 

[0046] FIG. 2 illustrates a base station implemented in 
accordance With the present invention. 

[0047] FIG. 3 illustrates a mobile node implemented in 
accordance With the present invention. 

[0048] FIG. 4 is a state diagram illustrating the different 
states that a mobile node may enter While operating in 
accordance With the present invention. 

[0049] FIG. 5 is a chart illustrating various control and 
signaling modules that are executed by a mobile node during 
each of the different states illustrated in FIG. 4. 

[0050] FIG. 6 illustrates the transmissions associated With 
three exemplary doWnlink control channels used in accor 
dance With one embodiment of the present invention. 

[0051] FIG. 7 illustrates Which control channels shoWn in 
FIG. 6 are monitored in each of the four states in Which a 
mobile node of the present invention may operate. 

[0052] FIG. 8 is a chart illustrating various control and 
signaling modules that are executed Within an exemplary 
Wireless terminal, in accordance With the invention, for each 
of the three states: on, hold, sleep. 

[0053] FIG. 9 illustrates exemplary uplink and doWnlink 
channels and exemplary transmission segments, correspond 
ing to each channel, Which may be used to transmit signal. 

DETAILED DESCRIPTION 

[0054] FIG. 1 illustrates a communications cell 10 imple 
mented in accordance With the present invention. A com 
munications system may include multiple cells of the type 
illustrated in FIG. 1. The communications cell 10 includes 
a base station 12 and a plurality, e.g., a number N, of mobile 
nodes 14, 16 Which exchange data and signals With the base 
station 12 over the air as represented by arroWs 13, 15. In 
accordance With the invention, the base station 12 and 
mobile nodes 14, 16 are capable of performing and/or 
maintaining control signaling independently of data signal 
ing, e.g., voice or other payload information, being commu 
nicated. Examples of control signaling include poWer con 
trol, doWnlink channel quality reports, and timing control 
signaling. 
[0055] FIG. 2 illustrates a base station implemented in 
accordance With the present invention. As shoWn, the exem 
plary BS 12 includes a receiver circuit 202, transmitter 
circuit 204, processor 206, memory 210 and a netWork 
interface 208 coupled together by a bus 207. The receiver 
circuit 202 is coupled to an antenna 203 for receiving signals 
from mobile nodes. The transmitter circuit 204 is coupled to 
a transmitter antenna 205 Which can be used to broadcast 
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signals to mobile nodes. The netWork interface 208 is used 
to couple the base station 12 to one or more netWork 
elements, e.g., routers and/or the Internet. In this manner, the 
base station 12 can serve as a communications element 

betWeen mobile nodes serviced by the base station 12 and 
other netWork elements. 

[0056] Operation of the base station 12 is controlled by the 
processor 206 under direction of one or more routines stored 
in the memory 210. Memory 210 includes communications 
routines 223, data 220, session management/resource allo 
cation routine 222, session and resource signaling subrou 
tine 225, and active user information 212. Communications 
routines 223, include various communications applications 
Which may be used to provide particular services, e.g., IP 
telephony services or interactive gaming, to one or more 
mobile node users. Data 220 includes data to be transmitted 
to, or received from, one or more mobile nodes. Data 220 
may include, e.g., voice data, E-mail messages, video 
images, game data, etc. 

[0057] The session management and resource allocation 
routine 222 operates in conjunction With subroutines 225 
and active user information 212 and data 220. The routine 
222 is responsible for determining Whether and When mobile 
nodes may transition betWeen states and also the resources 
allocated to a mobile node Within a state. It may base its 
decision on various criteria such as, requests from mobile 
nodes requesting to transition betWeen states, idletime/time 
spent by a mobile in a particular state, available resources, 
available data, mobile priorities etc. These criteria Would 
alloW a base station to support different quality of service 
(QOS) across the mobile nodes connected to it. 

[0058] The session and resource signaling subroutine 225 
is called by session management routine 222 When signaling 
operations are required. Such signaling is used to indicate 
the permission to transition betWeen states. It is also used to 
allocate the resources, e.g., When in a particular state. For 
example, in the on state a mobile node may be granted 
resources to transmit or receive data. 

[0059] Active user information 212 includes information 
for each active user and/or mobile node serviced by the base 
station 12. For each mobile node and/or user it includes a set 
of state information 213, 213‘. The state information 213, 
213‘ includes, e.g., Whether the mobile node is in an on state, 
a hold state, a sleep state, or an access state as supported in 
accordance With the present invention, number and types of 
data packets currently available for transmission to or from 
the mobile node, and information on the communication 
resources used by the mobile node. 

[0060] Memory 210 includes quality of service (QOS) 
pro?le information 221 Which can be used by the session 
management/resource allocation routine When making deci 
sions about resource allocation and hoW to control state 
transitions to re?ect the allocation of available resources. 
The base station may use the QOS pro?le information 
associated With one or more nodes When deciding hoW to 
control resource allocations and/or state transitions. 

[0061] FIG. 3 illustrates an exemplary mobile node 14 
implemented in accordance With the invention. The mobile 
node 14 includes a receiver 302 coupled to an antenna 303, 
a transmitter 304 coupled to antenna 305, a memory 310, 
and a processor 306 coupled together via bus 307 as shoWn 
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in FIG. 3. The mobile node uses its transmitter 306, receiver 
302, and antennas 303, 305 to send and receive information 
to and from base station 12. 

[0062] Memory 310 includes user/device information 312, 
data 320, a poWer control and poWer control signaling 
module 322, a timing control and timing control signaling 
module 324, a device status control and status signaling 
module 326, a data control and data signaling module 328, 
and Q05 pro?le information 323 associated With the mobile 
node and/or traf?c QOS pro?le information of the traf?c 
associated With the mobile node. The mobile node 14 
operates under control of the modules, Which are eXecuted 
by the processor 306. User/device information 312 includes 
device information, e.g., a device identi?er, a netWork 
address or a telephone number. This information can be 
used, by the base station 12, to identify the mobile nodes, 
e.g., When assigning communications channels. The user/ 
device information 312 also includes information concern 
ing the present state of the mobile device 14. The data 320 
includes, e.g., voice, teXt and/or other data received from, or 
to be transmitted to, the base station as part of a communi 
cations session. QOS pro?le information 323 may be used 
by the mobile node as in input When the processor 306 
makes decisions to request state transitions and/or to imple 
ment state transitions. For eXample, the mobile node 14 may 
decide to transition into a sleep state in response to detecting 
signals indicating resource requests from other Wireless 
devices in the cell Which have a higher QOS associated With 
them. Thus, QOS information 323 may include QOS infor 
mation corresponding to multiple node and not just mobile 
node 14. 

[0063] Device status control and status signaling module 
326 is used for device status control and status signaling. 
Device status control module 326 determines, in conjunction 
With signals received from the base station 12, What mode, 
e.g., state, the mobile node 14 is to operate in at any given 
time. In response to, e.g., user input, the mobile node 14 may 
request permission from the base station 12 to transition 
from one state to another and to be granted the resources 
associated With a given state. Depending on the state of 
operation at any given time and the communications 
resources allocated to the mobile node 14, status control and 
status signaling module 326 determines What signaling is to 
occur and Which signaling modules are to be active. In 
response to periods of reduced signal activity, e.g., control 
signal activity, status control and status signaling module 
326 may decide to transition from a current state of opera 
tion to a state of operation requiring feWer control resources 
and/or requires less poWer. The module 326 may, but need 
not, signal the state transition to the base station. Status 
control and status signaling module 326 controls, among 
other things, the number of doWnlink control channels 
monitored during each state of operation and, in various 
embodiments, the rate at Which one or more doWnlink 
control channels are monitored. 

[0064] As part of the processes of controlling the state of 
the mobile node 14, and overseeing general signaling 
betWeen the mobile node 14 and base station 12, the 
signaling module is responsible for signaling to the base 
station 12, When the mobile node 14 ?rst enters a cell and/or 
When the base station 12 requests that the mobile node 14 
indicate it presence. The mobile node 14 may use a shared 
communication resource to signal its presence to the cell’s 
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base station 12, While a dedicated communication resource 
may be used for other communication signals, e.g., upload 
ing and doWnloading data ?les as part of a communication 
session. 

[0065] Transmission poWer control and poWer control 
signaling module 322 is used to control the generation, 
processing and reception of transmission poWer control 
signals. Module 322 controls the signaling used to imple 
ment transmission poWer control through interaction With 
the base station 12. Signals transmitted to, or received from 
the base station 12 are used to control mobile node trans 
mission poWer levels under direction of module 322. PoWer 
control is used by the base station 12 and the mobile nodes 
14, 16 to regulate poWer output When transmitting signals. 
The base station 12 transmits signals to the mobile nodes 
Which are used by the mobile nodes in adjusting their 
transmission poWer output. The optimal level of poWer used 
to transmit signals varies With several factors including 
transmission burst rate, channel conditions and distance 
from the base station 12, e.g., the closer the mobile node 14 
is to the base station 12, the less poWer the mobile node 14 
needs to use to transmit signals to the base station 12. Using 
a maXimum poWer output for all transmissions has disad 
vantages, e.g., the mobile node 14 battery life is reduced, 
and high poWer output increases the potential of the trans 
mitted signals causing interference, e.g., With transmissions 
in neighboring or overlapping cells. Transmission poWer 
control signaling alloWs the mobile node to reduce and/or 
minimiZe transmission output poWer and thereby eXtend 
battery life. 

[0066] Timing control and timing control signaling mod 
ule 324 is used for timing and timing signaling. Timing 
control is used in Wireless netWorking schemes such as, e. g., 
those With uplinks based on orthogonal frequency division 
multiple access. To reduce the effects of noise, tone hopping 
may also be used. Tone hopping may be a function of time 
With different mobile nodes being allocated different tones 
during different symbol transmission time periods, referred 
to as symbol times. In order for a base station 12 of a 
multiple access system to keep track of, and distinguish 
betWeen, signals from different mobile nodes, it is desirable 
for the base station 12 to receive information from the 
mobile nodes in a synchroniZed manner. A drift of timing 
betWeen the mobile node 14 and the base station 12 can 
cause transmission interference making it dif?cult for the 
base station to distinguish betWeen symbols transmitted by 
different mobile nodes, e.g., using the same tone, but during 
different symbol time periods or using different tones but 
during the same symbol time period. 

[0067] For eXample, the effect on a mobile node’s distance 
from the base station is a factor since transmissions from 
mobile node that are farther from the base station 12 take 
longer to reach the base station 12. A late arriving signal can 
interfere With another connection that has hopped to the late 
arriving signal’s frequency in a latter time period. In order 
to maintain symbol timing synchroniZation, it is required to 
instruct a node to advance or delay its symbol transmission 
start time to take into consideration changes in signal 
propagation time to the base station. 

[0068] Data and data signaling module 328 is used to 
control transmission and the reception of payload data, e.g., 
a channel or time slot dedicated to the mobile node for 
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signaling purposes. This includes, e.g., the data packets of an 
Internet ?le transfer operation. 

[0069] In accordance With the present invention, the 
mobile node 14 can be in one of four states. The signaling, 
poWer, and communications resources required by a mobile 
node Will vary depending on the sate in Which the mobile 
node is operating. As a result of using multiple states in the 
mobile nodes, the base station 12 is able to allocate different 
degrees of communication resource, e.g., control and data 
signaling resource, to different mobile nodes as a function of 
the node’s state of operation. This alloWs the base station 12 
to support a greater number of mobile nodes than Would be 
possible if all nodes Were continuously in the on state. The 
particular state that the mobile node 14 is in determines the 
control signaling and data signaling modules that are 
eXecuted at any given time and also the level of control 
signaling betWeen the mobile node and base station 12. The 
mobile node 14 can also take advantage of the different 
activity level in different states to save poWer and eXtend 
battery life. 

[0070] Operation of the mobile nodes 14 in different 
states, in accordance With the present invention, Will noW be 
explained With reference to FIGS. 4 and 5. FIG. 4 illus 
trates a state diagram 400 including four possible states, an 
access state 402, a on state 404, a hold state 410 and a sleep 
state 408, that a mobile node 14 can enter. ArroWs are used 
in FIG. 4 to illustrate the possible transitions betWeen the 
four states. 

[0071] FIG. 5 illustrates the mobile node modules 322, 
324, 326, 328 that are in the various states shoWn in FIG. 4. 
Each roW of the chart 500 corresponds to a different state. 
The ?rst through fourth roWs 502, 504, 506, 508 correspond 
to the sleep state, access state, on state, and hold state, 
respectively. Each column of the chart 500 corresponds to a 
different module Within the mobile node 14. For eXample, 
the ?rst column 510 corresponds to the transmission poWer 
control and poWer control signaling module 322, the second 
column 512 corresponds to the timing control and timing 
control signaling module 324, the third column 514 corre 
sponds to the device status control and status signaling 
module 326, While the last column 516 corresponds to the 
data and data signaling module 328. In FIG. 5, solid lines 
are used to indicate modules Which are active in a particular 
state. Short dashed lines are used to indicate modules Which 
may transition from an inactive or reduced activity level to 
a fully active status before the access state is eXited, assum 
ing the modules are not already fully active. Long dashed 
lines are used to indicate a module Which may be active in 
a state but Which may perform signaling at a reduced rate 
While in the indicated state as opposed to the signaling rate 
implemented in the on state. 

[0072] From FIG. 5 it can be seen that during the sleep 
state the device status control and status signaling module 
326 remains active but the other modules are inactive 
alloWing for poWer conservation and a signi?cantly restrict 
ing mobile node activity. In the access state 402, Which 
serves as transition state, transmission poWer control and 
poWer control signaling module 322, timing control and 
timing control signaling module 324 Will become fully 
active (or active at a reduced rate in the case of the 
transmission poWer control and poWer control signaling 
module 322 in some embodiments) prior to leaving the 
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access state 402 to enter the on-state 404 or hold state 410. 

In the on-state, all signaling modules 322, 324, 326, 328 are 
fully active requiring the most poWer from the mobile 
node’s perspective and the highest allocation of communi 
cation resources, e.g., bandWidth, from the base station’s 
perspective. In the hold state, transmission poWer control 
and poWer control signaling module 322 may be inactive or 
active at a much reduced signaling rate. Timing control and 
timing control signaling module 324 remains alive as does 
the device status control and status signaling module 326. 
The data and data signaling module 326 is either inactive or 
operates to implement reduced functionality, e.g., receive 
data but not transmit data as part of a communication session 
betWeen various nodes. In this manner, the hold state alloWs 
bandWidth and other communications resources to be con 
served While, in some cases, alloWing the mobile node to 
receive, e.g., multi-cast signals and/or messages. 

[0073] Each of the states, and potential transition betWeen 
states, Will noW be described in detail With reference to the 
state diagram of FIG. 4. 

[0074] Of the four states 402, 404, 410, 408, the on state 
404 alloWs the mobile node to perform the Widest range of 
supported communications activities but requires the highest 
amount of signaling resources, e.g., bandWidth. In this state 
404, Which may be thought of as a “fully-on” state, the 
mobile node 14 is allocated bandWidth on an as needed basis 
for transmitting and receiving data, e.g., payload informa 
tion such as teXt or video. The mobile node 14 is also 
allocated a dedicated uplink signaling channel Which it can 
use to make doWnlink channel quality reports, communica 
tion resource requests, implement session signaling, etc. To 
be useful, these doWnlink channel quality reports should be 
signaled suf?ciently frequently to track variations in the 
signal strengths received by the mobile nodes. 

[0075] During the on state 404, under control of module 
324, the base station 12 and mobile node 14 eXchange timing 
control signals. This alloWs the mobile node 14 to periodi 
cally adjust its transmission timing, e.g., symbol timing, to 
take into consideration changes in distance and other factors 
Which might cause the mobile node transmitted signals to 
drift timing at the base station’s receiver, With respect to the 
signals transmitted by other mobile nodes 16. As discussed 
above, the use of symbol timing control signaling is 
employed in many systems Which use orthogonal frequency 
division multiple access in the uplink, to avoid interference 
from transmission signals generated by multiple nodes in the 
same cell 10. 

[0076] To provide transmission poWer control, during the 
on state 404, transmission poWer control signaling is 
employed, under direction of module 322, to provide a 
feedback mechanism Whereby a mobile node is able to 
ef?ciently control its transmission poWer levels based on 
signals periodically received from the base station With 
Which it is communicating. In this manner, a mobile node 14 
can increase and/or decrease its transmission poWer to 
provide for successful receipt of signals by the base station 
12 Without excessive Wastage of poWer and therefore 
reduced battery life. The poWer control signaling is carried 
out sufficiently frequently to track variations in the signal 
strength betWeen the base station 12 and the mobile nodes 
14, 16 for a certain minimum channel coherence time. The 
poWer control interval is a function of channel coherence 






















